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IMAGE CAPTURING APPARATUS WITH
DIFFERENT SHOOTING MODES AND
IMAGE CAPTURING APPARATUS CONTROL
METHOD THEREOFK

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an 1image capturing appa-
ratus and 1image capturing apparatus control method.

2. Description of the Related Art

Some 1mage capturing apparatuses such as digital cameras
and digital video cameras have both a function of performing
moving 1mage shooting and a function of performing still
image shooting. In the 1image sensing apparatus, an 1image
sensor such as a CCD sensor or CMOS sensor includes a pixel
array 1n which a plurality of pixels including photoelectric
conversion units are arrayed 1n the row and column direc-
tions, and a readout circuit for reading out a signal from the
pixel array.

According to a techmique disclosed in Japanese Patent
Laid-Open No. 2001-352483, an image capturing apparatus
switches the readout circuit driving method between succes-
stve frame periods from the first driving method suitable for
moving image shooting to the second driving method suitable
tor still image shooting. According to the first driving method,
the readout circuit 1s driven to read out signals from the pixel
array at a low pixel density suitable for moving 1image shoot-
ing. According to the second driving method, the readout
circuit 1s driven to read out signals from the pixel array at a
high pixel density suitable for still image shooting. According
to Japanese Patent Laid-Open No. 2001-352483, continuous
shooting between moving image shooting and still 1mage
shooting can be achieved.

The technique in Japanese Patent Laid-Open No. 2001 -
352483 1s premised on that no moving 1mage shooting is
performed during still image shooting.

However, some image capturing apparatuses provide a
mode (to be referred to as a first mode hereinatfter) 1n which
only moving image shooting 1s performed, and a mode (to be
referred to as a second mode hereinafter) in which parallel
shooting of still and moving 1mages 1s performedmoving
image shooting.

In the first mode, the 1mage capturing apparatus performs
an operation suitable for moving 1mage shooting. More spe-
cifically, the image capturing apparatus drives the readout
circuit to read out signals from the pixel array at a pixel
density decreased by addition, decimation, extraction, or the
like, so as to read out signals 1n a readout period shorter than
a Trame period suitable for moving 1image shooting.

In the second mode, the 1image capturing apparatus per-
forms an operation which gives priority to still image shoot-
ing. More specifically, the image capturing apparatus drives
the readout circuit to read out signals 1n a readout period
longer than a frame period suitable for moving 1image shoot-
ing, so as to read out signals from the pixel array at a high
pixel density suitable for still image shooting. Also, the image
capturing apparatus controls each pixel of the pixel array to
accumulate a signal 1n an accumulation period shorter than
one suitable for moving 1image shooting so that each pixel of
the pixel array accumulates a signal at a shutter speed, 1.€., in
an accumulation period suitable for still image shooting. In
still 1mage shooting, the shutter speed, 1.e., accumulation
period needs to be set shorter than an accumulation period
(accumulation period in the first mode) suitable for moving
image shooting 1n order to prevent blurring of an 1image upon
the movement of an object.
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In the 1mage capturing apparatus, the mode of the image
capturing apparatus 1s sometimes switched from the first

mode to the second mode between successive frames. In this
case, 1f the image capturing apparatus maintains a frame rate
suitable for moving image shooting, the readout period 1n the
second mode becomes longer than a 1-frame period, and a
drop frame of an obtained moving 1mage may occur.

For example, as shown in FIG. 6, the image capturing
apparatus keeps the lengths of frame periods FI1 to FT9
constant to achieve a frame rate suitable for moving 1image
shooting regardless of the mode. The 1image capturing appa-
ratus switches from the first mode to the second mode
between the frame periods FT1 and FT2. The image capturing
apparatus switches from the second mode to the first mode
between the frame periods FT2 and F'T3. The image capturing
apparatus switches from the first mode to the second mode
between the frame periods FT3 and F'14. The image capturing
apparatus switches from the second mode to the first mode
between the frame periods F'14 and F15.

In FIG. 6, VD represents a frame sync signal (pulse), and 1s
generated at an 1interval of Yeo sec for an NTSC standard
signal. The readout operation, moving 1mage generation
operation, and still 1mage generation operation start at tim-
ings synchronized with the frame sync signal VD.

A, C,E.F G, H, and I represent signals for moving images,
and B and D represent signals for still images. First accumu-
lation periods Tsa_A, Tsa_C, Tsa_FE, Tsa_F, Tsa_G, Tsa_H,
and Tsa_I 1n which the photoelectric conversion unit executes
an accumulation operation in the first mode are fixed to %o
sec. Second accumulation periods Tsa_B and T'sa_D in which
the photoelectric conversion unit executes an accumulation
operation 1n the second mode are shorter than the first accu-
mulation period and are shorter than Yeo sec.

First readout periods Tsr_A, Tsr_F, Tsr_G, Tsr_H, and
Tsr_I 1n which the readout circuit executes a readout opera-
tion 1n the first mode are shorter than Yo sec 1n accordance
with the readout clock rate and the number of output chan-
nels. The first readout period 1s shorter than each of the frame
periods F'11 to FT9. Second readout periods Tsr_B and Tsr_D
in which the readout circuit executes a readout operation 1n
the second mode are longer than the frame periods FT1 to
FT9. Since the second readout periods Tsr_B and Tsr_D are
longer than the frame periods F'11 to F19, the readout circuit
cannot start the readout operations of the signals C and E at
timings synchronized with the frame sync signal VD.

In the moving 1image generation operation, the signals A, B,
D, F, G, and H are used to generate image signals for 1-frame
moving image (Imv_A, Tmv_B, Tmv_D, Tmv_F, Tmv_G,
and Tmv_H). As described above, the readout circuit cannot
perform the readout operations of the signals C and E, so
image signals for moving images corresponding to the signals
C and E cannot be generated. As a result, drop frame of frames
corresponding to the signals C and E would occur.

In the still image generation operation, the signals B and D
are used to generate image signals for 1-frame still images.

SUMMARY OF THE INVENTION

It 1s a first aim of the present invention to obtain a high-
resolution still image and prevent drop frame of an obtained
moving image even when parallel shooting of still and mov-
ing 1images 1s performedmoving image shooting.

It 1s a second aim of the present invention to obtain a
moving 1mage with proper exposure and to prevent drop
frame of an obtained moving image even when an accumu-
lation period starting within a preceding frame period com-
pletes the next frame period.
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According to the first aspect of the present invention, there
1s provided an 1image capturing apparatus comprising: a pixel
array 1n which a plurality of pixels each including a photo-
clectric conversion unit are arrayed in a row direction and a
column direction; a driving unit which drives the photoelec- 5
tric conversion unit of each pixel of the pixel array to accu-
mulate a signal 1n a first accumulation period 1n a first mode,
and to accumulate a signal in a second accumulation period
shorter than the first accumulation period 1n a second mode; a
readout umit which reads out a first image signal from the 10
pixel array 1n a first readout period shorter than a predeter-
mined 1-frame period, and reads out a second 1mage signal
from the pixel array 1n a second readout period longer than the
1 -frame period; and a control umit which, when switching a
mode from the first mode to the second mode, controls the 15
readout unit to start a readout operation of the second 1mage
signal within a frame period 1n which the first image signal 1s
read out.

According to the second aspect of the present invention,
there 1s provided an 1image capturing apparatus comprising: a 20
pixel array 1n which a plurality of pixels each including pho-
toelectric conversion unit are arrayed 1n a row direction and a
column direction; a driving unit which drives the photoelec-
tric conversion unit of each pixel of the pixel array to accu-
mulate a signal 1 an accumulation period; a readout unit 25
which reads out an image signal from the pixel array; a
control unit which, when a first accumulation period of an
image signal starting within a first frame period completes 1n
a second frame period which 1s next to the first frame period,
controls the driving unit to make a second accumulation 30
period ol an 1mage signal staring after the completion of the
first accumulation period shorter than the first frame period
such that the second accumulation period completes within
the second frame period; and an amplification unit which
amplifies the 1mage signal to obtain an 1mage with proper 35
exposure according to a length of an accumulation period.

According to the third aspect of the present invention, there
1s provided a method of controlling an 1image capturing appa-
ratus having a pixel array in which a plurality of pixels each
including a photoelectric conversion unit are arrayed ina row 40
direction and a column direction, the method comprises: a
driving step of driving the photoelectric conversion unit of
cach pixel of the pixel array to accumulate a signal 1n a first
accumulation period 1n a first mode, and to accumulate a
signal 1n a second accumulation period shorter than the first 45
accumulation period 1n a second mode; a readout step of
reading out a first image signal from the pixel array in a first
readout period shorter than a predetermined 1-irame period,
and reading out a second 1image signal from the pixel array 1n
a second readout period longer than the 1-frame period; and a 50
control step of, when switching a mode from the first mode to
the second mode, controlling a operation in the readout step to
start areadout operation of the second 1image signal within the
frame period within a frame period 1n which the first image
signal 1s read out. 55

According to the fourth aspect of the present mvention,
there 1s provided a method of controlling an 1mage capturing
apparatus having a pixel array 1n which a plurality of pixels
cach including photoelectric conversion unit are arrayed 1n a
row direction and a column direction, a driving unit which 60
drives the photoelectric conversion unit of each pixel of the
pixel array to accumulate a signal 1n an accumulation period,
and a readout unit which reads out an 1image signal from the
pixel array, the method comprises: a control step of, when a
first accumulation period of an 1mage signal starting withina 65
first frame period completes in a second frame period which
1s next to the first frame period, controlling the driving unit to

4

make a second accumulation period of an image signal staring
alter the completion of the first accumulation period shorter
than the first frame period such that the second accumulation
period completes within the second frame period; and an
amplification step of amplifying the image signal to obtain an
image with proper exposure according to a length of an accu-
mulation period.

The present invention can obtain a high-resolution still
image and prevent drop frame of an obtained moving image
even when parallel shooting of still and moving 1mages 1s
performedmoving image shooting.

The present mvention can obtain a moving image with
proper exposure and prevent drop frame of an obtained mov-
ing 1mage even when an accumulation period starting within
a preceding frame period completes the next frame period.

Further features of the present imvention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of the arrangement of an 1mage
capturing apparatus 100 according to the first embodiment of
the present invention;

FIG. 2 1s a ttiming chart showing the timings of an accu-
mulation operation, readout operation, moving image genera-
tion operation, and still 1mage generation operation in the
image capturing apparatus 100 according to the first embodi-
ment of the present invention;

FIG. 3 1s a graph showing a gain correction function used
for a gain correction operation by a signal processing unit 106
in a modification to the first embodiment of the present inven-
tion;

FIG. 4 1s a ttiming chart showing the timings of an accu-
mulation operation, readout operation, moving image genera-
tion operation, and still 1image generation operation in an
image capturing apparatus 200 according to the second
embodiment of the present invention;

FIG. § 1s a ttiming chart showing the timings of an accu-
mulation operation, readout operation, moving image genera-
tion operation, and still 1mage generation operation in an
image capturing apparatus 300 according to the third embodi-
ment of the present invention; and

FIG. 6 1s a ttming chart for explaining a problem to be
solved by the present invention.

DESCRIPTION OF THE EMBODIMENTS

The present 1mvention 1s directed to an operation of an
image capturing apparatus having an image sensor when
parallel-shooting of still and moving 1images 1s performed.
The 1image capturing apparatus 1s, e.g., a digital camera or
digital video camera having a function of the parallel shoot-
ing. The image sensor 1s, e.g., a CCD 1mage sensor or CMOS
1mage sensor.

An 1mage capturing apparatus 100 according to the first
embodiment of the present invention will be explained with
reference to FIG. 1. FIG. 1 15 a block diagram of the arrange-
ment of the 1image capturing apparatus 100 according to the
first embodiment of the present invention.

The image capturing apparatus 100 has the first and second
modes. In the first mode, only moving 1mage shooting 1s
performed. In the second mode, parallel shooting of still and
moving 1images 1s performedmoving image shooting.

A lens 101 forms the optical image of an object on the
image sensing plane (a pixel array 103a) of an image sensor
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103. At thus time, an 1r1s 102 adjusts the quantity of light
guided from the lens 101 to the image sensor 103.

The image sensor 103 photoelectrically converts an optical
image to generate an 1image signal, and outputs the generated
image signal to an A/D converter 104. The image sensor 103
includes the pixel array 1034, a readout circuit 1035, and an

output circuit 103c.

In the pixel array 103a, a plurality of pixels (not shown)
including photoelectric conversion units (not shown) are
arrayed two-dimensionally (in the row and column direc-
tions). The photoelectric conversion umt performs an accu-
mulation operation to accumulate a signal in a predetermined
accumulation period. The photoelectric conversion unit 1is,
¢.g., a photodiode. In the first mode, the photoelectric con-
version unit accumulates a signal 1n the first accumulation
period. In the second mode, the photoelectric conversion unit
accumulates a signal 1 the second accumulation period
shorter than the first accumulation period.

In a predetermined mode, the readout circuit 1035 per-
forms a readout operation to read out an 1mage signal at a
predetermined pixel density from the pixel array in a prede-
termined readout period. For example, in the first mode, the
readout circuit 1035 reads out the first image signal at the first
pixel density from the pixel array in the first readout period
shorter than a predetermined 1-frame period. For example, 1n
the second mode, the readout circuit 1035 reads out the sec-
ond 1image signal at the second pixel density higher than the
first pixel density from the pixel array in the second readout
period longer than the 1-frame period. The readout circuit
1035 supplies an 1mage signal to the output circuit 103c.

The output circuit 103¢ amplifies an 1image signal to output
the amplified 1mage signal to a subsequent stage (the A/D
converter 104).

The A/D converter 104 A/D-converts an image signal (ana-
log signal) recerved from the image sensor 103 to generate an
image signal (digital signal), and outputs converted image
signals (first and second image signals) to a timing adjusting
unit 105. The timing adjusting unit 105 corrects the 1image
signals to signals of timings synchronized with the frame
period, and outputs the corrected image signals (first and
second 1mage signals) to a signal processing unit 106.

The signal processing unit (generation unit) 106 performs
a moving i1mage generation operation to perform moving
image signal processing for the first image signal and gener-
ate an 1mage signal (first image signal) for a moving image.
Also, the signal processing unit 106 performs a still image
generation operation to perform still image signal processing
for the second 1mage signal and generate an 1mage signal
(second 1mage signal) for a still image. The signal processing
unit 106 executes at least one of the moving image generation
operation and still image generation operation in accordance
with the mode.

For example, the signal processing unit 106 amplifies the
first image signal of one frame read out by the readout circuit
in the first readout period in the first mode. By using the
amplified first image signal, the signal processing unit 106
generates the first image signal of one frame during the opera-
tion 1n the first mode. The signal processing unit 106 gener-
ates the second 1mage signal of one frame during the opera-
tion 1n the second mode by using the second 1image signal of
one Irame read out by the readout circuit during the second
readout period 1n the second mode. In this manner, the signal
processing unit 106 executes the moving 1image generation
operation to perform moving image signal processing for the
first or second image signal and generate an 1image signal (first
image signal) for a moving image.
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The signal processing unit 106 outputs generated image
signals for a moving image and/or still image as recording/
display 1mage data (moving image data and/or still image
data). The moving image signal processing includes process-
ing to amplily an 1mage signal for a moving image by a
predetermined gain (amplification factor). The still image
signal processing includes processing to amplily an image
signal for a still image by a predetermined gain.

An 1r1s motor 110 drives the 1r1s 102. An ir1s driving circuit
108 drives the ir1s motor 110.

A system control unit 107 receives an instruction from the
user via an input unit (not shown) to designate a mode. The
system control unit 107 controls each unit 1n accordance with
the designated mode. For example, upon accepting a still/
moving 1mage parallel shooting 1nstruction, the system con-
trol unit 107 determines that the second mode 1s designated,
and switches the mode from the first mode to the second one.

In accordance with the mode, the system control unit 107
determines the opening rate of the ir1s 102 and a gain used to
amplily an 1image signal for a moving image by the signal
processing unit 106 so as to obtain an 1mage with proper
exposure value. The system control unit 107 generates a
control signal corresponding to the determined opening rate,
and supplies 1t to the iris driving circuit 108. The system
control unit 107 generates a control signal corresponding to
the determined gain, and supplies it to the signal processing
unit 106.

For example, when switching the mode of the 1mage cap-
turing apparatus from the first mode to the second mode and
then switching it back to the first mode, the system control
umt 107 determines, as the third accumulation period, a
period 1 which the photoelectric conversion unit accumu-
lates a signal 1n the switched-back first mode. The system
control unit 107 determines the third accumulation period so
as to be shorter than the first accumulation period and shorter
than the 1-frame period. The third accumulation period may
also be longer than the second accumulation period. The
system control unit 107 generates a control signal corre-
sponding to the determined third accumulation period, and
supplies 1t to an 1image sensor driving circuit 109 to control the
image sensor driving circuit 109. In accordance with the
determined third accumulation period, the system control
umt 107 determines a gain (amplification factor) used when
the signal processing unit 106 amplifies the first image signal,
s0 as to obtain an 1mage with proper exposure value. The
system control unit 107 generates a control signal corre-
sponding to the determined gain, and supplies it to the signal
processing unit 106 to control the signal processing unit 106.

In accordance with the mode, the system control unit 107
determines an accumulation period in which the photoelectric
conversion unit performs an accumulation operation, and a
readout period 1 which the readout circuit 1035 performs a
readout operation. The system control unit 107 generates
control signals corresponding to the determined accumula-
tion period and readout period, and supplies them to the
image sensor driving circuit 109.

For example, when switching the mode from the first mode
to the second mode, the system control unit 107 controls the
image sensor driving circuit 109, and the readout circuit to
start the second readout period within a frame period in which
the 1mage capturing apparatus operates in the first mode.

More specifically, the system control unit 107 executes the
following control when switching the mode from the first
mode to the second mode. When the second accumulation
period 1s equal to or shorter than the first readout period, the
system control unit 107 controls the 1image sensor driving
circuit 109 and the readout circuit so that the sum of the first
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and second readout periods fits into a 2-frame period. When
the second accumulation period is longer than the first read-
out period, the system control unit 107 controls the image
sensor driving circuit 109 and the readout circuit so that the
sum of the second accumulation period and second readout
period fits into a 2-frame period.

Alternatively, the system control unit 107 executes the
following control when switching the mode from the first
mode to the second mode, and switching 1t back to the first
mode. When the second accumulation period 1s equal to or
shorter than the first readout period, the system control unit
107 controls the image sensor driving circuit 109 and the
readout circuit so that the sum of the first readout period,
second readout period, and the next first readout period fits
into a 3-frame period. When the second accumulation period
1s longer than the first readout period, the system control unit
107 controls the image sensor driving circuit 109 and the
readout circuit so that the sum of the second accumulation
period, second readout period, and the next first readout
period fits into a 3-frame period.

In accordance with a supplied control signal, the image
sensor driving circuit 109 controls the accumulation opera-
tion ol the photoelectric conversion unit and the readout
operation of the readout circuit 1035.

For example, the image sensor driving circuit 109 drives
cach pixel of the pixel array 103a so that the photoelectric
conversion unit accumulates a signal 1n the first accumulation
period 1n the first mode, and accumulates a signal in the
second accumulation period shorter than the first accumula-
tion period 1n the second mode. In this way, the 1mage sensor
driving circuit 109 controls the accumulation operation of the
photoelectric conversion unit. In addition, the 1mage sensor
driving circuit 109 controls the readout circuit to read out the
first image signal at the first pixel density from the pixel array
in the first readout period shorter than the 1-frame period 1n
the first mode. The image sensor driving circuit 109 controls
the readout circuit to read out the second 1mage signal at the
second pixel density higher than the first pixel density from
the pixel array 1n the second readout period longer than the
1 -frame period 1n the second mode.

The operation of the image capturing apparatus 100 will be
explained with reference to FIG. 2. FIG. 2 1s a timing chart
showing the timings of an accumulation operation, readout
operation, moving image generation operation, and still
image generation operation in the image capturing apparatus
100.

As shown 1n FIG. 2, the image capturing apparatus 100
keeps the lengths of frame periods FT1 to F19 constant to
achieve a frame rate suitable for moving 1mage shooting
regardless of the mode. The image capturing apparatus 100
switches from the first mode to the second mode between the
frame periods F'11 and FT102. In the first mode, only moving
image shooting 1s performed. In the second mode, parallel
shooting of still and moving 1mages 1s performedmoving
image shooting. The 1mage capturing apparatus 100 switches
from the second mode to the first mode between the frame
periods F1102 and F'1103. In other words, the image captur-
ing apparatus 100 switches from the first mode to the second
mode and then switches back to the first mode between the
frame periods F'11 to F'1103. The image capturing apparatus
100 switches from the first mode to the second mode between
the frame periods F1103 and FT104. The image capturing,
apparatus 100 switches from the second mode to the first
mode between the frame periods FT104 and FT105. In other
words, the 1image capturing apparatus 100 switches from the
first mode to the second mode and then switches back to the
first mode between the frame periods F1103 to FT105.
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In FIG. 2, VD represents a frame sync signal (pulse), and 1s
generated at an interval of Yo sec (Tvcyc) for an NTSC
standard signal. The readout operation, moving 1image gen-
eration operation, and still image generation operation start at
timings synchronized with the frame sync signal VD.

A, C,E, F, G, H, and I represent image signals (first image
signals) for moving 1mages, and B and D represent image
signals (second image signals) for still images.

The image sensor 103 executes a slit rolling shutter opera-
tion. More specifically, the image sensor 103 performs the
tollowing operation.

The photoelectric conversion units of pixels on the first to
N” (N is an integer) rows in the pixel array sequentially start
a s1ignal accumulation operation. An “accumulation operation
(first row)” shown 1 FIG. 2 represents an accumulation
period 1n which the photoelectric conversion units of pixels
on the first row perform an accumulation operation as a rep-
resentative accumulation operation of the photoelectric con-
version units of pixels on respective rows. The accumulation
operations of the photoelectric conversion units of pixels on
the remaining second to N? rows start sequentially after the
start timing of the accumulation operation of the photoelec-
tric conversion units of pixels on the first row. The accumu-
lation operations of the photoelectric conversion units of pix-
cls on a plurality of rows are parallel-executed in the
accumulation period having the same length as that for the
first row (see FIG. 5).

The readout circuit sequentially reads out signals from
pixels on the first to N” rows so as to read out signals from a
pixel on each row at timing which 1s later than the start timing
of accumulation operation by a predetermined accumulation
period of a photoelectric conversion unit of the pixel on each
row (see FIG. 5). A “readout operation (all rows)” shown in
FIG. 2 represents a readout period, from when signals are read
out from pixels on the first row, until signals are read out from
pixels on the final row (N” row). That is, the “readout opera-
tion (all rows)” represents a readout period 1n which the
readout circuit performs a readout operation.

The signal processing unit 106 executes signal processing,
for an 1mage signal received from the 1image sensor 103 via
the A/D converter 104 and timing adjusting unit 1035. More
specifically, the signal processing unit 106 pertorms the fol-
lowing processing.

The signal processing unit 106 executes a moving 1mage
generation operation to perform moving image signal pro-
cessing for the first image signal (or second 1mage signal) and
generate an 1mage signal for a moving 1mage. A “moving
image generation operation” represents a period in which the
signal processing unit 106 performs the moving image gen-
eration operation.

The signal processing unit 106 executes a still image gen-

eration operation to perform still image signal processing for
the second 1image signal and generate an 1mage signal for a
still image. A “still image generation operation” represents a
period 1 which the signal processing unit 106 performs the
still image generation operation.
The signal (first image signal) A 1s accumulated 1n a pho-
toelectric conversion unit of each pixel on each row in the first
accumulation period Tsa_A of Vo sec. The signal A 1s read
out from the pixel array in the first readout period Tsr_A, and
output as moving image data in a period Tmv_A starting from
a timing synchronized with the frame period.

The signal (second 1mage signal) B 1s a signal of a still/
moving image parallel shooting frame. The signal B 1s accu-
mulated 1n a photoelectric conversion umt of each pixel on
cach row 1n the second accumulation period Tsa_B of less
than 60 sec. The second accumulation period of the signal B
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starts immediately after the end of the first accumulation
period of the signal A. Although the accumulation period
changes depending on the shooting mode, the second accu-
mulation period Tsa_B in the embodiment 1s set shorter than
/60 sec corresponding to a shutter speed higher than that for a
moving image. Immediately after the end of the second accu-
mulation period of the signal B and the end of the first readout
period of the signal A, the second readout period of the signal
B starts. The second readout period Tsr_B of the signal B
becomes longer for a larger number of pixels (larger number
of rows 1n the pixel array) because signals are read out from
all the pixels of the pixel array. The signal B 1s read out 1n the
second readout period Tsr_B, output as moving image data in
a period Tmv_B starting from a timing synchronized with the
frame period, and output as still image data 1n a period Tst_B.

Similar to the signal A, the signal (first image signal) C 1s
accumulated 1n a photoelectric conversion unit of each pixel
on each row in the first accumulation period Tsa_C. The
signal C 1s read out from the pixel array in the first readout
period Tsr_C, and output as moving 1image data 1n a period
Tmv_C starting from a timing synchronized with the frame
period.

Similar to the signal B, the signal (second image signal) D
1s a signal of a still/moving 1mage parallel shooting frame.
The signal D 1s accumulated 1n a photoelectric conversion
unit of each pixel on each row 1n the second accumulation
period Tsa_D. The second accumulation period of the signal
D starts immediately after the end of the first accumulation
period of the signal C. The signal D 1s read out in the second
readout period Tsr_D, and output as moving image data 1n a
period Tmv_D starting from a timing synchronized with the
frame period.

The length of the second accumulation period of the signal
D may also be different from that of the second accumulation
period of the signal B 1n accordance with still image shooting,
conditions.

At least either of the sum of the first readout period Tsr_C
of the signal C and the second readout period Tsr_D of the
signal D and the sum of the first accumulation period Tsa_ID
of the signal D and the second readout period Tsr_D of the
signal D 1s longer than a 2-frame period. The timing when the
second readout period Tsr_D of the signal D ends falls within
the frame period F1106 1n which the readout operation of the
signal (first image signal) E 1s performed. For this reason, the
first readout period Tsr_E of the signal E starts at a timing
delayed from the start timing of the frame period F1106. In
accordance with this, the timing when the first accumulation
period Tsa_E of the signal E ends 1s also delayed from the
start timing of the frame period F1106.

The start timing of the first readout period Tsr_F of the
signal (first image signal) F 1s synchronized again with that of
the frame period FT107. If the start timing of the first readout
period ofthe signal F remains delayed from the start timing of
the frame period, the start timing of the second readout period
cannot be shifted before the start timing of the frame period,
unlike the signals B and D, upon mserting a signal of a
still/moving image parallel shooting frame later. On the con-
trary, by synchronizing the start timing of the readout period
of the signal F again with the start timing of the frame period
immediately after delaying the start timing of the readout
period of a signal, the drop frame can be prevented even 1f the
readout period of a still/moving image parallel shooting
frame having a large number of pixels starts soon.

The third accumulation period Tsa_F of the signal F starts
alter the end of the first accumulation period Tsa_E of the
signal E, and ends before the end timing of the frame period

FT106. Thus, the third accumulation period Tsa_F of the
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signal F becomes shorter than Yso sec. In this case, since the
accumulation period of the signal F 1s the third accumulation
period which 1s shorter than the first accumulation period and
shorter than the 1-frame period Tvcyc, the signal processing
unit 106 increases (corrects) a gain used to amplify the signal
F. The signal F 1s output as moving image data in a period
Tmv_F starting from a timing synchronized with the frame
period.

In predetermined periods Tcyc_msl and Tcyc_ms2 each
including a plurality of frame periods in which still/moving
image parallel shooting frames are inserted, driving 1s not
synchronized with the frame period. However, after the end of
these periods, driving 1s synchronized again with the frame
period.

As described above, according to the first embodiment,
even when parallel shooting of still and moving images 1s
performedmoving 1mage shooting, a high-resolution still
image can be obtained, and the drop frame of an obtained
moving image can be prevented. That 1s, both a high-resolu-
tion still image and retention of the moving image frame rate
can be achieved when parallel shooting of still and moving
images 1s performed.

It should be noted that the system control unit 107 may also
store a gain correction function as shown in FIG. 3. When the
accumulation period 1n the first mode becomes shorter from
the first accumulation period to the third accumulation period,
the system control unit 107 uses the gain correction function
as shown in FIG. 3 and determines to increase a gain used
when the signal processing unit 106 amplifies the signal F.
The s1gnal processing unit 106 may also execute gain correc-
tion using the determined gain.

According to the gain correction function shown 1n FI1G. 3,
when the accumulation period of a signal 1s F'T equal to the
length of the frame periods FT1 to F'19, the gain value for
amplifying the signal 1s A_FT. According to the gain correc-
tion function shown 1n FIG. 3, a gain value corresponding to

the accumulation period Tsa_E of the signal E 1s A_E, and
that corresponding to the accumulation period Tsa_F of the

signal F 1s A_F. The system control unit 107 may also deter-
mine a gain value by directly referring to the gain correction
function shown 1n FI1G. 3, or determine the gain value A_F of
the signal F by referring to the gain correction function shown
in FIG. 3 1 accordance with the difference between the
accumulation period Tsa_E of the signal E and the accumu-
lation period Tsa_F of the signal F. That 1s, letting K (negative
value) be the slope of the correction function shown in FIG. 3,

the system control unit 107 may also determine the gain value
A_F by

A _F=4 FE-Kx(Isa_ FE-Tsa_ I) (1)

The si1gnal processing unit 106 may also adaptively control
whether to generate moving 1image data by using an image
signal corrected by the gain.

An 1mage capturing apparatus 200 according to the second
embodiment of the present invention will be explained with
reference to FIG. 4. FIG. 4 1s a timing chart showing the
timings of an accumulation operation, readout operation,
moving 1image generation operation, and still image genera-
tion operation in the image capturing apparatus 200. An
operation different from that 1n the first embodiment will be
mainly described.

In the 1mage capturing apparatus 200, as shown in FIG. 4,
the end timings of the fourth accumulation periods Tsa_F,
Tsa_G, and Tsa_H of the signals F, G, and H are gradually
advanced from timings delayed from the start timing of the
frame period. The fourth accumulation periods Tsa_F,
Tsa_@, and Tsa_H are shorter than Yo sec.
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In accordance with this, the start timings of the first readout
periods Tsr_F and Tsr_G of the signals F and G are also
gradually advanced from timings delayed from the start tim-
ing of the frame period. The start timing of the first readout
period Tsr_H of the signal H almost coincides with the start
timing of the frame period.

I1 the start timing of the first readout period of the signal H
remains delayed, the start timing of the second readout period
cannot be shifted before the start timing of the frame period,
unlike the signal B or D, upon inserting a signal of a still/
moving image parallel shooting frame later. A delayed start
timing 1s set back over a plurality of frames F, G, and H in
order to reduce the difference in accumulation period
between frames and avoid an unnatural image.

In this case, since the accumulation period of the signals F,
G, and H 1s the fourth accumulation period shorter than the
first accumulation period, the signal processing unit 106
increases (corrects) a gain used to amplify the signals F, G,
and H. The signals F, G, and H are output as moving image
data in periods Tmv_F, Tmv_G, and Tmv_H starting from
timings synchronized with the frame period.

In predetermined periods Tcyc_ms1 and Tcyc_ms2 each
including a plurality of frame periods in which still/moving
image parallel shooting frames are inserted, driving 1s not
synchronized with the frame period. However, after the end of
these periods, driving 1s synchronized again with the frame
period.

An 1mage capturing apparatus 300 according to the third
embodiment of the present invention will be explained with
reference to FIG. 5. FIG. § 1s a timing chart showing the
timings ol an accumulation operation, readout operation,
moving image generation operation, and still image genera-
tion operation in the image capturing apparatus 300. An
operation different from that 1n the first embodiment will be
mainly described.

In an “accumulation operation (all rows)” in FIG. 5, accu-
mulation periods in which the photoelectric conversion units
of pixels on respective rows perform an accumulation opera-
tion are represented in correspondence with the vertical posi-
tions of pixels on the respective rows. The accumulation
periods of the first to N” rows sequentially start and sequen-
tially end. The accumulation operations of a plurality of rows
are temporally parallel-executed.

In FIG. 5, RA, RB, RC, RD, RE, RF, RG, RH, and RI
represent timings when pixels on respective rows complete
reset operations. YA, YB, YC, YD, YE, YF, YG, YH, and Y]
represent timings when readout operations are performed to
read out signals from pixels on the respective rows. More
specifically, the accumulation operation of a pixel on each
row starts at the timing when the reset operation 1s completed,
and ends at the timing when the readout operation starts.

The start timing of the third accumulation period Tsa_C of
the signal C 1s delayed from the start timing of the frame
period. If the third accumulation period of the signal C starts
at the start timing of the frame period, a row on which the
accumulation operation of the signal C starts advances, at a
predetermined timing, a row on which the readout operation
of the signal B 1s performed.

The start timing of the third accumulation period of the
signal D 1s synchronized again with that of the frame period,
similar to the signal A. This can prevent the drop frame when
a still/moving image parallel shooting frame 1s designated
next time.

In this case, since the accumulation period of the signal C
1s the third accumulation period shorter than the first accu-
mulation period, the signal processing unit 106 increases
(corrects) a gain used to amplify the signal C. The signal C 1s
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output as moving image data in a period Tmv_C starting from
a timing synchronized with the frame period.

In a predetermined period Tcyc_msl including a plurality
of frame periods 1n which still/moving image parallel shoot-
ing frames are mserted, driving 1s not synchronized with the
frame period. However, after the end of the period, driving 1s
synchronized again with the frame period.

While the present invention has been described with refer-
ence to exemplary embodiments, it 1s to be understood that
the mvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent

Application No. 2008-046897, filed Feb. 27, 2008, which 1s
hereby incorporated by reference herein 1n its entirety.

What 1s claimed 1s:

1. An image capturing apparatus comprising:

a pixel array 1n which a plurality of pixels each including a
photoelectric conversion unit are arrayed in a row direc-
tion and a column direction;

a driving umt which drives the photoelectric conversion
unit of each pixel of the pixel array to accumulate a
signal 1n a first accumulation period 1n a first mode, and
to accumulate a signal 1n a second accumulation period
shorter than the first accumulation period 1 a second
mode;

a readout umit which reads out a first image signal from the
pixel array 1n a first readout period shorter than a prede-
termined 1-frame period 1n the first mode, and reads out
a second 1mage signal from the pixel array 1n a second
readout period longer than the 1-frame period 1n the
second mode;

a signal processing unit configured to generate an 1image
for display or recording of a first frame based on the first
image signal, and generate an i1mage for display or
recording of a second frame based on the second 1mage
signal; and

a control unit which, when switching a mode from the first
mode to the second mode, controls the readout unit to
start a readout operation of the second i1mage signal
within a frame period 1n which the first image signal 1s
read out.

2. The apparatus according to claim 1, wherein the control
unit, when switching the mode from the first mode to the
second mode and switching the mode back to the first mode,
controls the readout unit to make a sum of the first readout
period and the second readout period fit into a 2-1rame period.

3. The apparatus according to claim 1, wherein the control
unit, when switching the mode from the first mode to the
second mode and switching the mode back to the first mode,
controls the driving unit and the readout unit to make a sum of
the second accumulation period and the second readout
period it into a 2-frame period.

4. The apparatus according to claim 1, wherein the control
umt, when switching the mode from the first mode to the
second mode and switching the mode back to the first mode,
controls the readout unit to make a sum of the first readout
period, the second readout period, and the next first readout
period fit into a 3-frame period.

5. The apparatus according to claim 1, wherein the control
unit, when switching the mode from the first mode to the
second mode and switching the mode back to the first mode,
controls the driving unit and the readout unit to make a sum of
the second accumulation period, the second readout period,
and the next first readout period {it into a 3-frame period.
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6. The apparatus according to claim 1, wherein the first
mode 1s a mode 1n which only moving 1mage shooting 1s
performed, and the second mode 1s a mode 1n which parallel
shooting of still and moving 1images 1s performed.

7. A method of controlling an 1mage capturing apparatus
having a pixel array 1n which a plurality of pixels each includ-
ing a photoelectric conversion unit are arrayed in a row direc-
tion and a column direction, the method comprising:

a driving step of driving the photoelectric conversion unit

of each pixel of the pixel array to accumulate a signal 1n
a first accumulation period 1n a first mode, and to accu-
mulate a signal 1n a second accumulation period shorter
than the first accumulation period 1n a second mode;

a readout step of reading out a first image signal from the
pixel array 1n a first readout period shorter than a prede-
termined 1-frame period 1n the first mode, and reading
out a second i1mage signal from the pixel array in a
second readout period longer than the 1-frame period in
the second mode;

a generation step of generating an 1mage for display or
recording of a first frame based on the first image s1gnal,
and generating an 1image for display or recording of a
second frame based on the second 1mage signal; and

a control step of, when switching a mode from the first
mode to the second mode, controlling a operation in the
readout step to start a readout operation of the second
image signal within the frame period 1n which the first
image signal 1s read out.

8. The method according to claim 7, wherein the first mode
1s a mode 1n which only moving image shooting is performed,
and the second mode 1s a mode 1n which parallel shooting of
still and moving 1mages 1s performed.
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